1. Introduction {#s0005}
===============

Diabetes Mellitus (DM) is a group of metabolic disorders caused by absolute or relative insufficiency of insulin or an excess of glucagon, the counter-regulatory hormone of insulin. Symptom of this disease includes hyperglycemia, polyuria, polydipsia, polyphagia and weight loss. When it further develops, DM will also affect heart, brain, kidney and other organs. At present, most of clinical treatments for diabetes are western medicines ([@b0010], [@b0085], [@b0025]). Hypoglycemic agents mainly include insulin, sulfonylurea, biguanides, α-glucosidase inhibitors, and insulin sensitizers. Western medicine's hypoglycemic effect is significant, but its effect on DM complications is minimal. Problems such as low glucose level, weight gaining, drug resistance, and high cost inhibit its further application. TCM doctors believe that diabetes which cause internal stagnation of the blood and deficiency in both yin and yang, is resulted from the deficiency of yin for kidney, the heat in lung and stomach, and blood astringent and stagnation. Therefore, the treatment should focus on supplementing qi, nourishing yin, tonifying spleen and absorbing clots ([@b0070]). Chinese medicine originates from life practice, it is mild with minimal side effects and long efficacy. It has been successfully used to control diabetes, and has become a safe and effective source of developing new hypoglycemic drugs.

Astragaloside is a common drug for treating "the deficiency of qi, the depletion of fluid and diabetes" ([@b0060]). Pharmacology experiments have verified that astragaloside can regulate glucose metabolism, insulin release, improve serum adiponectin levels, and inhibit apoptosis, thus having a synergistic effect on the treatment of diabetes ([@b0035]). Curcumin has anti-oxidant, anti-infective, anti-inflammatory, de-coagulant, lipid-lowering properties. It helps improve the disorders of glucose levels and fat metabolism of mice models, and relieve the symptoms of diabetic peripheral neuropathy ([@b0100]). Curcuma and Astragalus have heat-clearing and detoxifying effects, they can upbear the clear and downbear the turbid, induce diuresis to alleviate edema, invigorate spleen and replenish qi. They are the most commonly used herbs for clinical practice, such as: "Modified Shengjiangsan" can treat diabetic nephropathy effectively and has a proven efficacy ([@b0040]).

Chinese herbal compound of astragalosides and turmeric has a good therapeutic effect on diabetes. Previous studies also suggested that curcumin and astragalosides could improve the glucose and lipid metabolic disorders. It has antioxidative constituent and helps improve pathological changes of pancreas on DM model mice. This study will focus on the hypoglycemic feature of different proportion of astragalosides and curcumin.

2. Experimental material and methods {#s0010}
====================================

2.1. Druggery reagents and instruments {#s0015}
--------------------------------------

Both curcumin and total astragaloside were provided by the Chemistry Laboratory at Henan University of Chinese Medicine. the content of curcumin was greater than 90%, with the batch number of 110809 and the content of total astragaloside was greater than 50%, with the batch number of 111008. Metformin hydrochloride tablets were produced by the Xinyi Pharmaceutical Factory which was the subsidiary company of Shanghai Pharmaceutical Group Co., Ltd. Its batch number was 120523; STZ was produced by the Sigma Company with the lot number of Z120315; Citric acid LOT20081019 and sodium citrate LOT20100502 were both purchased from Shanghai Pudong Chemical Co., Ltd.; CMC, Tianjin Hengxing Chemical Reagent Manufacturing Co., Ltd. production, with the lot number of 20110728. The blood glucose kit is produced by the Baoding Great Wall Clinical Health Beijing Biotechnology Co., Ltd. with the batch number of 120421; glycosylated serum protein kit of LOT20120807 and hepatic glycogen kit of LOT20120728 were both purchased from Nanjing Jiancheng Bioengineering Institute; Insulin Kit, is produced by the US R&D Company, with the LOT number of 20120301A.

UV-2000 UV--visible spectrophotometer was from the Shanghai Tianmei Science Instrument Co., Ltd.; BIORAD-680 Microplate Reader was produced by the USA BIO-RAD Company.

2.2. Experimental animals {#s0020}
-------------------------

KM mice, male, weight 18--21 g, are provided by Henan Laboratory Animal Research Center, and with its certificate number of 0008350. Its laboratory certificate number is SYXK (Yu) 2010-001.

2.3. Experimental methods {#s0025}
-------------------------

We took male KM mice 200, with an average weight of 18--21 g. We fed them normally for 3 days. After fasting 12 h, these mice received intravenous tail injection of STZ (citric acid buffer solution; pH = 4.2) ([@b0015]), lucifuge, 80 mg/kg, 0.02 ml/10 g). The blood glucose levels were measured at the 11th day after fasting, and we then chose 132 mice whose blood glucose levels were between 16.7 mmol/L and 21 mmol/L and divided them into 11 different groups randomly, and they are as follows: the group with different proportion of administration, the metformin group and the model group. Those mice groups were given different proportions of total astragaloside, and curcumin suspension, metformin suspension and 0.5% CMC suspension. Drug preparation for total astragaloside and curcumin: we keep dose at 0.4 g/kg unchanged, the geometric baseline proportions of total astragalus and curcumin are 10:0, 8:2, 7:3, 6:4, 5:5, 4:6, 3:7, 2:8 and 0:10. Then they were mixed with the 0.5% CMC solution ([@b0050]) (20 mg/ml, 0.2 ml/10 g). We also dissolved metformin hydrochloride tablets in the 0.5% CMC solution (500 mg/kg, 0.2 ml/10 g). We used another 12 mice as the blank group, and administer them with the same volume of 0.5% CMC suspension as the model group. They were given the drug once a day for 30 consecutive days. We collected blood from the tail veins at the 10th, 20th and 30th dosage day^.^ Then we conducted centrifugation and test the blood sugar levels of the mice. After dosing 2 h on the 30th day, we collected the blood and centrifugated the blood samples to get supernatant for blood sugar and insulin testing. The fresh liver was weighed and the hepatic glycogen was measured. The pancreas was fixed with formalin, and the sections were taken for pathological examination.

The data were analyzed with *SPSS 17.0 for windows*, and *the average standard* ± *deviation (*$\overline{x}$ *± s)* was used for the measurement. The variance was analyzed by one-way ANOVA among the groups. The homogeneity of variance was performed using least significant difference (LSD), heterogeneity of variance was examined by Games-Howell method, and the rank data was examined by the Ridit test.

3. Results {#s0030}
==========

3.1. Effects of different proportions of total astragaloside and curcumin on blood glucose levels of DM model mice {#s0035}
------------------------------------------------------------------------------------------------------------------

The results are shown in [Table 1](#t0005){ref-type="table"}:Table 1Total astragaloside and curcumin components of the ratio of DM model mice blood glucose levels ($\overline{\text{x}}$ ± s).GroupAnimal No.Dose (g/kg)Blood sugar (mol/L)Start blood sugar10th day20th day30th dayBlank12--5.496 ± 0.218^\*\*^5.295 ± 0.404^\*\*^5.323 ± 0.630^\*\*^5.446 ± 0.230^\*\*^Model12--17.707 ± 0.86420.288 ± 1.04820.928 ± 1.33319.834 ± 1.227Metformin120.5017.450 ± 1.29818.815 ± 0.679^\*\*^14.206 ± 1.322^\*\*^11.660 ± 1.682^\*\*^10:012Total astragaloside: curcumin = 0.40:0.0017.533 ± 0.94118.441 ± 1.333^\*\*^16.315 ± 2.369^\*\*^14.018 ± 1.308^\*\*^8:212Total astragaloside: curcumin = 0.32:0.0817.890 ± 0.54618.862 ± 0.976^\*\*^16.511 ± 2.190^\*\*^14.453 ± 1.325^\*\*^7:312Total astragaloside: curcumin = 0.28:0.1217.932 ± 0.78919.076 ± 0.611^\*\*^16.722 ± 1.445^\*\*^14.587 ± 0.926^\*\*^6:412Total astragaloside: curcumin = 0.24:0.1617.360 ± 1.02018.573 ± 0.667^\*\*^16.413 ± 1.935^\*\*^14.504 ± 0.981^\*\*^5:512Total astragaloside: curcumin = 0.20:0.2017.632 ± 0.92418.606 ± 1.008^\*\*^15.383 ± 2.163^\*\*^13.263 ± 0.860^\*\*^4:612Total astragaloside: curcumin = 0.16:0.2417.360 ± 0.79317.944 ± 1.365^\*\*^13.983 ± 2.030^\*\*^12.301 ± 1.422^\*\*^3:712Total astragaloside: curcumin = 0.12:0.2817.549 ± 0.87918.082 ± 1.955^\*\*^13.271 ± 1.656^\*\*^12.338 ± 0.720^\*\*^2:812Total astragaloside: curcumin = 0.08:0.3217.786 ± 0.89718.425 ± 1.126^\*\*^14.240 ± 2.967^\*\*^12.795 ± 0.928^\*\*^0:1012Total astragaloside: curcumin = 0.00:0.4017.437 ± 0.94418.787 ± 0.679^\*\*^16.081 ± 1.709^\*\*^13.685 ± 0.552^\*\*^[^1]

Known from [Table 1](#t0005){ref-type="table"}: there was no significant difference in the blood glucose before each group except the blank. Compared with the blank group, the blood glucose of model group increased significantly (P \< 0.01) on the 10th, 20th and 30th day. Compared with the model group, the blood glucose level was significantly reduced by metformin, astragaloside and curcumin (P \< 0.01) on the 10th, 20th and 30th day after administration, and the effect of 4:6 group was the best, followed by the group with a component ratio of 3:7.

3.2. Effects of all components of total astragaloside and curcumin on hepatic glycogen levels, GSP levels and insulin levels on DM mice {#s0040}
---------------------------------------------------------------------------------------------------------------------------------------

The results are shown in [Table 2](#t0010){ref-type="table"}.Table 2Effects of all components of total astragaloside and curcumin on hepatic glycogen levels, GSP levels and insulin levels in DM mice.GroupAnimals No.Dose (g/kg)Hepatic glycogen (mg/g)GSP (mol/L)Iinsulin (mu/l)Blank12--26.343 ± 1.657^\*\*^1.498 ± 0.087^\*\*^20.063 ± 0.992^\*\*^Model12--10.718 ± 1.6182.419 ± 0.1297.998 ± 0.790Metformin120.5016.075 ± 1.407^\*\*^1.764 ± 0.194^\*\*^12.921 ± 0.902^\*\*^10:012Total astragaloside: curcumin = 0.40:0.0017.091 ± 1.935^\*\*^2.195 ± 0.195^\*\*^12.029 ± 1.077^\*\*^8:212Total astragaloside: curcumin = 0.32:0.0816.158 ± 1.091^\*\*^2.032 ± 0.194^\*\*^11.362 ± 1.085^\*\*^7:312Total astragaloside: curcumin = 0.28:0.1216.768 ± 2.830^\*\*^2.125 ± 0.154^\*\*^10.103 ± 1.367^\*\*^6:412Total astragaloside: curcumin = 0.24:0.1615.749 ± 2.064^\*\*^1.982 ± 0.151^\*\*^11.924 ± 1.070^\*\*^5:512Total astragaloside: curcumin = 0.20:0.2017.308 ± 1.786^\*\*^1.875 ± 0.105^\*\*^11.138 ± 1.146^\*\*^4:612Total astragaloside: curcumin = 0.16:0.2420.455 ± 2.731^\*\*^1.821 ± 0.129^\*\*^13.371 ± 0.756^\*\*^3:712Total astragaloside: curcumin = 0.12:0.2819.664 ± 2.652^\*\*^1.847 ± 0.138^\*\*^13.312 ± 0.493^\*\*^2:812Total astragaloside: curcumin = 0.08:0.3217.972 ± 1.398^\*\*^1.876 ± 0.032^\*\*^10.313 ± 1.381^\*\*^0:1012Total astragaloside: curcumin = 0.00:0.4016.978 ± 1.902^\*\*^1.952 ± 0.116^\*\*^11.977 ± 1.084^\*\*^[^2]

Known from [Table 2](#t0010){ref-type="table"}: compared with blank group, the levels of hepatic glycogen and serum insulin in model group were significantly decreased (P \< 0.01), GSP level was obviously increased (P \< 0.01). Compared with model group, the content of hepatic glycogen and insulin (P \< 0.01) were clearly increased and the level of GSP (P \< 0.01) was markedly reduced by different components of total astragaloside and curcumin. The most optimal group is the one with the component ratio of 4:6, followed by the group with the ratio of 3:7.

3.3. Effects of components of total saponins and curcumin on the pancreas of DM model mice {#s0045}
------------------------------------------------------------------------------------------

The pancreatic tissues of mice were as follows (the pictures are shown in Appendix A): The distribution of islet cells in the blank group was loose and the cytoplasm was mostly full, as can be seen in picture 1; The distribution of islet cells in the model group was extremely dense, and most cytoplasm were atrophy, as can be seen in picture 2; In metformin group, most of the islet cell nucleus was more densely spread, the cell cytoplasm was most atrophy, see picture 3; 10: 0 group, islet cell nucleus was more concentrated, the cytoplasm was all atrophy, as can be seen in picture 4; 8: 2 group, islet nucleus was more concentrated, the cytoplasm completely shrinks, as can be seen in picture 5; 7: 3 groups of total islets of the nucleus was more concentrated, with all the cytoplasm weakened, as can be seen in the picture 6; 6: 4 group, islet cell was densely spread, and cytoplasm completely shrink, see picture 7; 5: 5 group, most of the islet cell nucleus was more concentrated, most of the cytoplasm are shrinking, as can be seen in picture 8; 4: 6 group, most of the islet cell nucleus was more concentrated, and most of the cell cytoplasm atrophy, as can be seen in picture 9; 3: 7 group, islets nucleus was relatively dense, and cell cytoplasm atrophy at a higher degree, as can be seen in picture 10; 2: 8 group, most islet cell nucleus concentrated more closely, and most of the cytoplasm shrink, as can be seen in picture 11; as for the 0: 10 group, islet cells were more densely located, and the cytoplasm completely shrink, as can be seen in picture 12.

Pathological changes of the pancreas in the experimental group measured by the semi-quantitative standard, as can be seen in [Table 3](#t0015){ref-type="table"}.Table 3Effects of all components of total astragaloside and curcumin on pancreatic tissue in DM mice.GroupAnimals No.Dose (g/kg)Β cell--++++++Blank12--12000Model12--0039Metformin120.50009310:012Total astragaloside: curcumin = 0.40:0.0002918:212Total astragaloside: curcumin = 0.32:0.0803817:312Total astragaloside: curcumin = 0.28:0.1202826:412Total astragaloside: curcumin = 0.24:0.1600935:512Total astragaloside: curcumin = 0.20:0.2003904:612Total astragaloside: curcumin = 0.16:0.2405703:712Total astragaloside: curcumin = 0.12:0.2818302:812Total astragaloside: curcumin = 0.08:0.3203810:1012Total astragaloside: curcumin = 0.00:0.400093[^3]

As can be seen from [Table 3](#t0015){ref-type="table"}: The Ridit test showed that model group had significant pathological changes (P \< 0.01) compared with the blank group. Compared with the model group, the pathological changes of the pancreas were considerably improved by groups of 10:0, 8:2, 7:3, 5:5, 4:6, 3:7 and 2:8 (P \< 0.01). The pathological changes of the pancreas were significantly improved in groups of metformin, total astragaloside and curcumin (6:4, 0:10 group). The effect on group 3: 7 was better than that of group 4:6.

### 3.3.1. Classification of the above indicators to determine the weight coefficient at all levels, the results are shown in [Table 4](#t0020){ref-type="table"} {#s0050}

Table 4Results of DM model in mice.GradeI level indicatorsII level indicatorsIII level indicatorsIndicatorsPathological results of the pancreasBlood sugar, GSPHepatic glycogen, insulinWeight coefficient0.50.30.2

### 3.3.2. According to the improvement rate of the biochemical index of animal model, v=\|the index value of each medicine group - the corresponding index value of the model group\|/ the corresponding index value of the model group, classify each index value and determine the weight coefficient, the results are shown in [Table 5](#t0025){ref-type="table"} {#s0055}

Table 5Improvement rate of DM model in mice.Improvement rate\<20%20--50%50--80%\>80%DegreeNo improvementMore improvementImprovementSignificantly improvedWeight factor0.10.20.30.4

### 3.3.3. According to the formula of total evaluation score P value, the evaluation score of comprehensive weight of different matching group is calculated, the results are shown in [Table 6](#t0030){ref-type="table"} {#s0060}

Table 6The total score of astragalus saponins and curcumin was evaluated by the comprehensive weight method.GroupCore indicatorsImportant indicatorsRelated indicatorsP valuesPathological section(pancreas)Blood sugar levelGSPHepatic glycogenInsulin10:0More improvementMore improvementNo improvementImprovementImprovement0.318:2ImprovementMore improvementNo improvementImprovementMore improvement0.347:3More improvementMore improvementNo improvementImprovementMore improvement0.296:4More improvementMore improvementMore improvementMore improvementMore improvement0.35:5ImprovementMore improvementMore improvementImprovementMore improvement0.374:6ImprovementMore improvementMore improvementSignificantly improvedImprovement0.413:7Significantly improvedMore improvementMore improvementSignificantly improvedImprovement0.462:8ImprovementMore improvementMore improvementImprovementMore improvement0.370:10No improvementMore improvementNo improvementImprovementMore improvement0.24[^4][^5]

The total score of 3:7 was the highest, followed by the group of 4:6, which indicated that the improvement effect of total astragaloside and curcumin 3:7 group on DM model mice was better than that of astragalus saponins and curcumin was excellent, followed by the group of 4:6.

4. Discussion {#s0065}
=============

STZ has a high selectivity to islet β cells; the dose and frequency of injection can damage the β cells in varying degrees, and will also affect the secretion of insulin. A small amount of subcutaneous administration of STZ by several times can establish animal models of type Ⅰ DM; large amount of administration for once can establish a Ⅱ model. Intravenous injection with less dosage of drugs is for quick absorption and the risk of infection is relatively small, but we should pay attention to the speed of administration. The tail vein injection of large amount of STZ has an advantage of less time comsuming, simple operation, good repeatability, etc. Most people are suffering from type ⅡDM. Therefore, we used a single large number of STZ to cause type Ⅱ DM on the animal model. The blood glucose level is a commonly used as an indicator of DM diagnosis and its hypoglycemic effect, but it is fluctuated due to various factors ([@b0005], [@b0030]). GSP reflects the level of glycemic control during the past 2--3 weeks, and this measurement is not affected by short-term blood glucose fluctuation. These two indicators combined overcome the limitations of one single index, so this method has high clinical value. Liver glycogen metabolism affects the body's homeostasis of glucose metabolism. Insulin is the only antidiabetic substance that is secreted by pancreatic β cell. The excessive intake of sugar will stimulate insulin secretion and peripheral glucose uptake, which will be part of the synthesis, and insulin will also inhibit glycogen decomposition. So that the high blood sugar is prevented. Pathological sections of pancreas can directly reflect the success of the model, the pathological degree of the disease and the hypoglycemic effect of such kind of medicine.

According to the multi-index evaluation method established by the research group, the selected index was divided into the core, the important and the related indexes. We use the evaluation of strong, moderate and weak effect of the drug to determine the weight coefficient of each index ([@b0050]). According to the mathematical formula calculated at different ratio of total astragalosides and curcumin, the 3:7 group had highest evaluation score P, which indicated that group with the ratio of 3:7 had the best effect on improving the DM model. The efficacy the drug substance, mechanism of action, the clinical indications relatively clear, non-pharmacological effects of less interference, a variety of feedback mechanisms, targeted, efficacy is better than Pieces compatibility, quality control, suitable for industry promotion ([@b0090], [@b0055], [@b0020]). Astragalus for tonifying Qi and lifting yangqi to drug, turmeric is qi stagnation and blood stasis in a variety of pain syndrome. The early study of various components shows that curcumin and astragalus saponins could repair microvessels, relieve β cell damage, and stimulate insulin secretion. Other effects on the DM multi-link reflects their multi-target, multi-channel characteristics. But the two component ratio of each specific index in the corresponding effect in different weight, if the deviation is large, it may affect the final results of the judgment. So we should consider the weight of each index, and different factors; as for the properties of the component ratio and odor, we have no idea. The study of the components of traditional Chinese medicine is only from the mechanism of animal experiments and efficacy evaluation. As for its in-depth deficiencies at the cellular and molecular levels, further researches are needed.

5. Conclusions {#s0070}
==============

This paper studies the ratio of total astragaloside and curcumin by using the comprehensive weighing method. The results shows that astragalosides and curcumin could lower the abnormal blood glucose levels and GSP levels at the ratio of 3:7. This is proven on DM mice model induced by streptozotocin; this proportion of the two herbs significantly promotes glycogen synthesis and insulin secretion, and relieves pancreatic β-cell pathological damage. This experiment combines Chinese medicine's effects of blood activating and stasis-eliminating, tonifying qi and supplementing blood. From the prespective of modern cell medicine, it provides an experimental support for selecting better hypoglycemic drugs and preventing DM. It not only provides the basis for the research and development of Jiangqi capsules, but also promotes the development of new DM drugs.

Appendix A. Effects of different proportion of total saponins and curcumin on the pancreas of DM model mice {#s0080}
===========================================================================================================
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[^1]: Compared with model group: ^\*^P \< 0.05, ^\*\*^P \< 0.01.

[^2]: Compared with model group: ^\*^P \< 0.05, ^\*\*^P \< 0.01.

[^3]: "−": there are more than 4 islet cells in pancreatic tissue, which is rich in the cytoplasm, and loose in nuclei; "+": there are more than 4 islet cells in the pancreatic tissue, a small number of cell cytoplasmatrophy, a small number of cell nuclei concentrated; "++": 2--3 islet cells in, pancreatic tissue; part of the cytoplasm shrink, some of the nucleus concentrated; "+++": there are only 0--1 islet cells in the pancreatic tissue and all the cytoplasm almost disappeared, and the nucleus completely concentrated.

[^4]: P = I level indicators score \* I level indicator weight factor + II level indicators score \* II level indicator weight factor + III level indicators score \* III level indicator weight factor = (m \* 0.4 + n \* 0.3 + p \* 0.2 + q \* 0.1) \* 0.5 + (m \* 0.4 + n \* 0.3 + p \* 0.2 + q \* 0.1) \* 0.3 + (m \* 0.4 + n \* 0.3 + p \* 0.2 + q \* 0.1) \* 0.2

[^5]: (m: the number of significantly improved; n: the number of improvements; p: the number of higher improvement; q: the number of no improvement).
